The catalytic removal of SO 2 from combustion gases has been studied on the grain plane of a hard coal, being competitive with classical desulphurization processes. The method proposed for the removal of SO 2 from combustion gases described in this paper is quite different from wet classical desulphurization methods. Studies of the influence of molybdenum concentration on the catalytic activity of a number of DESONOX catalysts are reported. The influence of the total surface area and other physicochemical properties of the catalyst on its behaviour have been studied.
INTRODUCTION
Obtaining 'pure' combustion gases, i.e. free from SO 2 and NO x , is one of the most important contemporary problems in the energy industry. Reduction of pollutant emission may be attained through (i) desulphurization of hard coal before its combustion, a process which is not viable economically; (ii) removing sulphurated fumes after the combustion process using absorption or adsorption methods often employing catalytic reactions (Kucowski et al. 1994 ; Wie …ckowska 1994); or (iii) desulphurization of combustion gases emerging from combusting coal grains -a method which is complementary to the aforementioned processes and which rivals classical desulphurization methods (Nazimek 1996; Marcewicz-Kuba and Nazimek 1998) .
This paper reports studies of the influence of Mo concentration on the catalytic activity of a number of DESONOX catalysts (during the DESOX reaction). Investigations of the influence of the total surface area and other physicochemical properties of the catalyst on its behaviour are also reported.
The aim of the work was to obtain a catalyst capable of effectively removing SO 2 from combustion gases. Such a catalytic system would allow the introduction of technological changes in coal combustion processes and would speed up the replacement of expensive, conventional methods of purifying SO 2 -containing combustion gases. In earlier work (Marcewicz-Kuba and Nazimek 1998), it was demonstrated that while the catalyst worked well with coal from Silesian mines its effectiveness with coal from the KWK 'Bogdanka' coal mine was relatively low. Here, we have explored the modification of the catalyst with Mo as a means of improving its effectiveness with coal from the 'Bogdanka' mine.
EXPERIMENTAL

Catalysts
The DESONOX catalysts investigated were obtained by the coprecipitation of hydroxides from aqueous solutions of the following salts: (NH 4 ) 2 Mo 7 O 24 4H 2 O (0.01 M), Mg(CH 3 COO) 2 4H 2 O (1 M) and Na 4 V 4 O 7 (1 M) with 1 M aqueous Na 2 CO 3 solutions using methods described previously (Marcewicz-Kuba and Nazimek 2000) . All reagents used were of analytical grade. V 2 O 5 was purchased from Koch-Light Laboratories Ltd. and other reagents were purchased from PPH 'POCH' S.A., Gliwice.
All the prepared catalysts (1-21) were dried in air for 12 h at 423 K and calcined at 773 K in air for 4 h. The catalysts were weighed in order to check the effectiveness of the process and their bulk densities were also measured.
Hard coal
The hard coal investigated came from KWK 'Bogdanka' coal mine and is described as sample BI below. The physicochemical properties of this sample are presented in Table 1 .
Methods
The total surface areas of the examined catalysts were determined by the BET method via argon adsorption at liquid nitrogen temperatures using a volumetric apparatus capable of attaining a vacuum of at least 10 -5 mmHg (Ościk 1983) .
The vanadium and Mo concentrations in the catalysts examined were determined by X-ray fluorescence methods (Cygański 1993) in the Analytical Laboratory of the Chemistry Faculty of Maria Curie-Sklodowska University. The compositions of the ash samples derived from the raw coal and from coal to which DESONOX catalysts had been added were also determined in the same manner as were the S, V, Mo, Ti, Fe, Zn, Pb, K and Ca concentrations in the same ashes.
The degree of sulphur removal (SU) from the combustion gases arising from the hard coal with addition of catalyst, i.e. the ratio of the amount of sulphur absorbed during combustion of a sample of coal with addition of DESONOX catalyst to the amount of sulphur absorbed during the combustion of a sample of coal without addition of catalyst, was determined on the basis of equation (1):
where S ab is the percentage sulphur content absorbed in an aqueous solution of NaOH + H 2 O 2 during combustion of a sample of coal with catalyst addition and S st is the percentage sulphur content absorbed in an aqueous solution of NaOH + H 2 O 2 during combustion of a sample of coal without catalyst addition.
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where N % is the degree of non-afterburning expressed as a percentage, m w is the weight of the coal sample before combustion, m p is the weight of the coal sample after combustion and B is the ballast content calculated from:
where A r is the concentration of permanent ballast in the hard coal. The ratio of DESONOX catalyst added to the hard coal samples investigated was 1:1000. Coal samples with and without addition of DESONOX catalysts were allowed to combust in a flow reactor in air at a temperature of 1123 K. After cooling, the samples were removed from the reactor and weighed while the solutions from the wet scrubber (NaOH + H 2 O 2 ) containing adsorbed sulphur were titrated with aqueous HCl solutions (0.4 mol/dm 3 ) in the presence of phenolphthalein as an indicator. Table 2 presents the physicochemical properties of the various DESONOX catalysts prepared and their effectiveness in sulphur removal from the combustion process when the latter was conducted in their presence. The results obtained show large differences in the physicochemical properties of the investigated samples of DESONOX catalysts. Thus, the total surface area of the DESONOX catalysts ranged from 8.1 m 2 /g to 38.5 m 2 /g while the concentration of Mo contained ranged from 0.0087 to 0.962 wt%. Catalysts containing the largest amount of Mo exhibited the smallest total surface areas. Figure 1 shows the relationship between the total surface area of the investigated catalysts and the corresponding concentration of Mo contained therein while Figure 2 illustrates the change in degree of sulphur removal (SO 2 ) from the combustion gases as a function of the molar fraction of Mo in the catalysts. Finally, Figure 3 shows the relationship between the bulk densities of the catalysts and the molar fraction of Mo in the catalysts.
RESULTS
DISCUSSION
The results obtained as listed in Table 2 and depicted in Figure 1 show that the total surface areas of the catalysts increased as their Mo content decreased. Similarly, Figure 2 indicates that the highest degree of sulphur removal from combustion gases was achieved by the use of catalysts possessing an Mo content within the range 0.1235-0.3320 wt%. The degree of sulphur removal by such samples attained a value of ca. 0.80. The degree of non-afterburning in catalystcontaining samples ranged from 0.17% to 0.82%.
The results obtained for the specific activity changes induced by the DESONOX catalysts investigated exhibited a clear maximum when the mole fraction of Mo present attained a value of ca. 0.3 (Figure 2 ). The addition of Mo to the DESONOX catalysts caused an increase in the catalyst specific activity value for all the hard coal samples studied. This effect is probably caused an increase in the basicity of the Lewis sites associated with the hard coal ashes (Tanabe 1970) . The dependence between the Mo concentration and the bulk densities of the catalysts investigated depicted in Figure 3 demonstrates that an increase occurred in the bulk density as the content of Mo increased in the catalysts. Catalysts containing 0.8520 wt% and 0.7060 wt% Mo in their composition exhibited the largest bulk densities.
CONCLUSIONS
Catalysts obtained from solutions of [Mg(CH 3 COO) 2 4H 2 O] and [(NH 4 ) 2 Mo 7 O 24 4H 2 O] exhibited total surface areas within the range 8.1-38.5 m 2 /g. Addition of these catalysts to coal followed by combustion of the latter led to a relative decrease in SO 2 emission of ca. 0.80. An increase in the mole fraction of Mo in the catalysts led to an increase in their bulk densities. The degree of non-afterburning of coal in the samples containing DESONOX catalysts was contained between 0.17% and 0.82%. No direct dependence was observed between the degree of non-afterburning of the investigated coal and the magnitude of the total surface areas of the catalysts studied.
Since the total surface area of the catalysts changed as the Mo content of the catalysts changed, presumably together with a change in the vanadium content of the system (which had been assumed as remaining constant in these studies), it is highly probable that no real dependence existed between the decrease in SO 2 emission in the presence of DESONOX catalysts and the magnitude of the total surface areas of the latter. This result would be in keeping with those obtained previously (Marcewicz-Kuba and Nazimek 1998, 2000) .
